1. Introduction {#sec0005}
===============

Mycotoxins are secondary metabolites produced by fungal activity. Owing to the humidity and temperature conditions, mold and toxins can dominate growth in tropical and sub-tropical regions as compared to other dry regions of the world. [@bib0130]. Due to this fact, such toxins are found in various agricultural-based products like maize, rice, wheat, soybean, barley and corn. Apart from this, the fungal growth remains active during the entire process of production, which includes harvesting, collecting, transporting and processing [@bib0005], [@bib0095]. Mycotoxins are part of a large family, comprising major groups including aflatoxins, ochratoxins, fumonisins, patulin, trichothecenes and zearalenon [@bib0085]. *Aspergillus flavus* and *Aspergillus parasiticus* produce aflatoxins (AFs), whose sub-types AFB1, AFB2, AFG1, and AFG2 are categorized as acute and chronic toxins for animals and humans [@bib0030]. Considering its adverse effects, animals are severely exposed to AFB1 as compare to humans.

When animals consume feed contaminated with AFB1, it is bio-transformed to AFM1 by the hepatic microsomal mixed-function oxidase system and gets absorbed in the milk of mammals [@bib0055], [@bib0110]. The residues of AFM1 are stable enough to survive in raw and processed milk, hence they are known as milk toxins [@bib0115]. The amount of AFM1 in milk varies from day to day milking of individual animals and can reach up to 6.2% in cows with high milk yields [@bib0015]. Humans become exposed to aflatoxins through the intake of contaminated dairy milk and its products. In 1993, the International Agency for Research on Cancer (IARC) identified AFB1 as the most acute and highly toxic compound and a category A carcinogen [@bib0070]. The carcinogenicity of AFM1 is nearly 2--10% higher than the original form AFB1. Moreover, AFM1 together with aflatoxins B2 and G1 can cause DNA damage, gene mutations, chromosomal anomalies, immunosuppression and cell transformation in humans [@bib0080], [@bib0165]. They have been re-classified as Group 1 carcinogens after additional studies [@bib0075].

AFM1 may be degraded during the processes of pasteurization or ultra-high temperature (UHT) treatments. Thus, it becomes important to provide effective control of raw milk and processed milk in accordance with the maximum residue levels (MRLs) set by the food regulation authorities. The maximum European Commission (EC) [@bib0040] limit of residue is 50 ng/kg for AFM1 concentration in dairy milk and 25 ng/kg for milk-based baby foods [@bib0040]. MRL levels in other countries like Syria, the US, China, and Brazil are higher (e.g., 200 ng/L in Syria [@bib0045]) while they are 500 ng/L in the US [@bib0050], China [@bib0155] and Brazil [@bib0140]. From the global perspective of toxicity profiling, the accurate detection of aflatoxins in milk is a mandatory task for regulatory and health purposes.

Pakistan is the fourth largest milk-producing country in the world. Its annual production of milk is 33 billion liters. Its milk supply chain can be divided into formal and informal sectors, as presented in [Fig. 1](#fig0005){ref-type="fig"}. The vast majority of milk production (97%) falls in the category of the informal sector, which is sold as raw milk in urban and rural markets while only 3% of the milk falls in the formal sector, which is processed in dairy industries in the form of packaging [@bib0105].Fig. 1Milk supply chain of formal and informal dairy sectors in Pakistan.

The possible presence of toxins in milk may create health hazards for consumers. Therefore, the presence of such toxins has led us to monitor the level of contamination in the market milk. To estimate the health hazard risk for consumers, we have undertaken this study to evaluate the AFM1 contamination in processed and non-processed dairy milk samples collected from Sindh, Pakistan. Various analytical methods were used for the detection of AFM1 in milk, such as: high-performance liquid chromatography (HPLC), capillary electrophoresis, and ultra-performance liquid chromatography/tandem mass spectrometry (UPLC--MS/MS). However, in the present study, we used an ELISA method for the detection of AFM1 in milk samples to enable a faster, reliable and yet inexpensive determination of these toxic compounds.

2. Material and methods {#sec0010}
=======================

2.1. Sample collection {#sec0015}
----------------------

Eighty-four milk samples were purchased randomly from the local area/market within Hyderabad region of the province of Sindh, Pakistan. The collected milk samples were classified into branded (tetra pack, powder milk) and non-branded (dairy farm, milk man (gawala), dairy shop) categories. The samples were properly labeled and transported to the laboratory in an insulated container and were stored at 4 °C before performing analyses.

2.2. Sample preparation {#sec0020}
-----------------------

Milk samples were prepared for AFM1 measurement using an ELISA method. Liquid milk (20 mL) was centrifuged at 4000 rpm for 5 min. The upper fat layer was then discarded. The lower layer was diluted with 35% methanol in a ratio of 1:9 (20 μL of milk + 180 μL of 35% methanol). From the diluted sample, 50 μL was taken per well for the analytical assay. For the powdered milk samples, 1 g of solid milk was dissolved int 9 mL of double-distilled water and further processed as described above.

2.3. Reagent preparation {#sec0025}
------------------------

Wash solution (supplied with kit) was prepared by mixing with distilled water (1:19) during washing processes.

2.4. ELISA analysis method {#sec0030}
--------------------------

The quantitative ELISA kit MaxSignal Aflatoxin M1 (Bio scientific corporation, Austin, Texas, USA) was brought to normal room temperature before analysis. AFB1 standard solutions were used for the construction of calibration curves at concentrations of 0, 0.05, 0.1, 0.2, 0.4 and 0.8 ng/mL. Wells in the microtiter plate were coated with antibodies specific to AFM1. All test samples and AFM1 standards (50 μL) were pipetted into each well in duplicate followed by addition (100 μL each) of aflatoxin antibody. The plate was then incubated at room temperature for 30 min using a titer plate shaker at a speed of 100 rpm. Before the addition of 150 μL of aflatoxin horseradish peroxidase (HRP) conjugate, the plate was washed 3 times with 250 μL of wash solution by using Fluido 2 Microplate Washer (Biochrom Anthos, Cambridge, UK) and incubated again for 30 min at room temperature. The bound enzyme activity was determined by adding a chromogenic tetramethylbenzidine (TMB) substrate that converted the colorless chromogen into a blue color during incubation at room temperature for 15 min. After addition of stop buffer (100 μL), the absorbance was measured at 450 nm in an Anthos 2010 Microplate Reader; the absorbance intensity was inversely proportional to AFM1 concentration in the samples.

3. Results and discussion {#sec0035}
=========================

3.1. Occurrence of AFM1 {#sec0040}
-----------------------

The concentration of aflatoxins in milk samples was determined from the standard calibration graph plotted in the range of 0 to 0.8 μg/L using ELISA. Linear regression analysis was further used for the quantification of aflatoxin present within the milk samples. The standard calibration graph is presented in [Fig. 2](#fig0010){ref-type="fig"}, and showed excellent linearity with *R*^2^ value of 0.999.Fig. 2Calibration curve of AFB1 by competitive ELISA.

AFM1 was detected in 81 samples out of 84 (96.43%), with contamination range between 0.01--0.76 μg/L (0.38 μg/L average concentration) ([Table 1](#tbl0005){ref-type="table"}). According to the EC, the MRL for AFM1 in milk is 0.05 μg/L while in the US, the MRL for AFM1 is 0.5 μg/L for milk and dairy products [@bib0040], [@bib0050].Table 1Aflatoxin M1 levels in branded and non-branded milk samples.Concentration\
(μg/L)Non-brandedBrandedDairy farm\
(*n* = 20)Dairy shop\
(*n* = 20)Milk man (gawala)\
(*n* = 20)UHT milk\
(*n* = 18)Powder milk\
(*n* = 6)BDL[a](#tblfn0005){ref-type="table-fn"}------3 (16.67%)[b](#tblfn0010){ref-type="table-fn"}--0.00--0.05------2 (11.11%)--0.06--0.10------3 (16.67%)--0.11--0.201 (5%)1 (5%)1 (5%)6 (33.33%)--0.21--0.305 (25%)2 (10%)3 (15%)--2 (33.33%)0.31--0.404 (20%)6 (30%)6 (30%)--2 (33.33%)0.41--0.502 (10%)2 (10%)5 (25%)2 (11.11%)1 (16.67%)0.51--0.604 (20%)5 (25%)5 (25%)2 (11.11%)1 (16.67%)0.61--0.702 (10%)4 (20%)------0.71--0.802 (10%)--------[^2][^3][^4][^5]

Out of a total of 84 milk samples, three were free from AFM1 contamination while 79 samples (94%) exceeded the established limit of the EC. Only two samples fell within the prescribed limit of the EC in our experiment. According to US regulations, 25 milk samples (29.76%) were above the acceptable limit whereas the remaining 59 (70.24%) contaminated samples were below the approved limit. Though US regulations prescribe 10-fold higher limits of AFM1 as compared to the EC, even then 29.76% of milk samples in the current study exceeded the maximum tolerance limit of US regulations. Hence, there is an utmost need to introduce safety measures for AFM1 in branded and non-branded milk samples in Sindh, Pakistan.

AFM1 concentrations ranged from 0.18 to 0.76, 0.19 to 0.70, 0.20 to 0.57, 0.01 to 0.53 and 0.30 to 0.53 μg/L in dairy farm, dairy shop, milk man (gawala), UHT milk and powder milk samples, respectively. When the results were compared in terms of their categories, AFM1 contamination was relatively higher in non-branded milk samples as compared to the branded ones. In Pakistan, sellers mix buffalo milk with cow milk and sell it in open market. More than 60% of milk is produced by buffaloes and nearly 39% of milk is contributed by cows. Owing to high milk production from buffaloes, a large number of farmers prefer to invest money in purchasing more buffaloes than cows [@bib0125]. The buffaloes are kept in dairy farms, where farmers feed them manufactured food made of various stored grain products and by-products of the agricultural industry. Hence, the milk from these mammals is greatly exposed to such toxins. In contrast, the UHT plants have their own dairy farms and also buy milk from various resources such as small household farms (normally pasture-raised buffaloes) and other varieties of farms (pasture and grain feed). Hence, the possible cause of the low level of AFM1 in such samples is due to the mixing of a variety of milks obtained from different sources.

Moreover, contradictory data regarding reduction of AFM1 concentration with various heat treatments is also available in the literature. The reduction in AFM1 reported in these studies varies from 12% to 40%, while boiling, sterilization and pasteurization causes 14.50, 12.21 and 7.62% reduction of AFM1, respectively [@bib0010], [@bib0020], [@bib0025]. From the aforementioned reports, it was concluded that the degradation of AFM1 relied on the time and temperature of the treatment system. However, some reports have shown that aflatoxins are stable during heat treatments, such as pasteurization and sterilization [@bib0060], [@bib0145], [@bib0150], [@bib0160]. Data comparing the AFM1 residues found in milk samples from several countries is presented in [Table 2](#tbl0010){ref-type="table"}. As is evident from the data, Brazil and the Sudan have similar levels of AFM1 contamination as were found in this study [@bib0035], [@bib0140].Table 2Review of the incidence and range of AFM1 in raw milk, pasteurized and UHT milk in different countries reported in previous studies.CountryMatrixNumber of samplesAverage measured value (μg/L)Positive samplesPercentReferenceBrazilDifferent type of milk1250.0311995.2[@bib0140]ChinaRaw milk720.076083.33[@bib0155]IranRaw milk1110.068576.6[@bib0100]IndiaInfant milk products and liquid milk870.307687.0[@bib0135]MoroccoPasteurized milk440.023988.8[@bib0165]SyrianRaw milk1260.1510180.0[@bib0055]SudanCattle milk442.074295.4[@bib0035]SerbiaDifferent type of milk1760.2013275.0[@bib0110]TurkeyUHT milk400.03820.0[@bib0095]PakistanFresh milk1680.3716296.4[@bib0065]PakistanMilk and milk products2210.0916876.0[@bib0080]PakistanBranded and non branded milk840.388196.43Current study

A higher incidence of AFM1 (80%) in pasteurized milk and dairy products was also reported in India [@bib0135], Morocco [@bib0165], Syria [@bib0055] and China [@bib0155], whereas lower levels of AFM1 (20%) in UHT milk were reported from Turkey. Although there are no comparative data available for AFM1 contamination in branded and non-branded milk, the concentration of AFM1 determined in this study was supported by previous studies carried out in Pakistan [@bib0065]. Comparatively lower AFM1 levels were reported for Morocco, Brazil, China, Iran [@bib0100] and Turkey, while a higher contamination (2.07 μg/L) level was found in the Sudan. The same average extent of AFM1 contamination was also detected in Indian milk samples [@bib0135].

3.2. Estimated daily intake in adults {#sec0045}
-------------------------------------

AFM1 estimated daily intake (ng/kg per body weight per day) was calculated based on the mean concentrations of the AFM1 detected in the present study and average milk intake (per day and mean body weight for adults). There is no information about the human exposure to AFM1 from milk consumption in Pakistan. However, the Joint Expert Committee on Food Additives [@bib0090] established the intake of AFM1 for Latin America as 0.058 ng/kg body weight per day, assuming a body weight of 60 kg and considering an estimate from data on the concentration of AFM1 in milk reported in the respective countries. According to our study, the intake of AFM1 through milk (branded and non-branded milk) consumption was 3.1 ng/kg body weight per day. This value is approximately 53 times higher than the intake calculated for Latin Americans. The wide variations in AFM1 levels among reported studies could be associated with forage and feed quality, dairy animal diet, and geographic and seasonal variations. In addition to this, differences in genetic variation and farm management practices can alter AFM1 levels. Contamination of feeding sources with AFB1 varies with location, because it is highly influenced by weather conditions during harvest and feed storage practices [@bib0120]. Identification and understanding factors for determining the presence of toxicants in milk is important and may provide a strong basis for controlling the transfer of chemicals to humans through milk consumption.

4. Conclusion {#sec0050}
=============

Milk is an essential source of nutrition and thus its consumption is increasing parallel to the continuous increase of the human population. This study provides a complete profiling of AFM1 toxin present in branded and non-branded milk samples collected from the Sindh region of Pakistan. The study identifies non-branded milk samples as highly exposed to such toxins compared to branded samples. The presence of such toxins in milk is a serious problem considering the extraordinary usage of milk and milk associated products in Pakistan. Henceforth, this report provides a strong basis for food and health regulation authorities of Pakistan to take firm steps for constant monitoring and regulating of such toxins in milk. Strict permissible limits should be implemented to avoid fungal contamination. Awareness programs and education for the dairy farmers and milk processors may also be helpful in this regard.

[^1]: Links: [www.ceacsu.edu.pk](http://www.ceacsu.edu.pk){#intr0005}.

[^2]: MRL European commission = 50 ng/kg = 0.05 μg/L.

[^3]: MRL USDA---500 ng/L = 0.5 μg/L.

[^4]: BDL---Below detection limit.

[^5]: Number of +ve samples (percentage).
